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• With regard to the inventions in claims 1 to 4, 8 to 20, 
and 22 

• Cited Documents, etc. 

• Remark : 

Cited document 1 (see the related art section, for 
example) discloses a main magnetic pole layer disposed above 
a yoke layer. 

Cited document 2 discloses formation of a main magnetic 
pole protective film on a main magnetic pole in the 
paragraph "Furthermore,... from being etched", upper right 
column , page 3 . 

Cited document 3 discloses removal of a plating 
underlayer by ion milling after the formation of the plating 
layer . 

Cited document 4 discloses redeposition resulting from 
ion milling and removal of the redeposited matter by another 
ion milling. 

In view of the teaching of cited document 1 , it would 
have been obvious for a person skilled in the art to form 
the main magnetic pole layer by plating. It would also have 
been obvious for a person skilled in the art to form a main 
magnetic pole protective film, as in cited document 2, so 
that undesired etching will not result from ion milling 
processes for removing the plating underlayer, which is no 
longer necessary, and the redeposited matter. 
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[Name of Document] SPECIFICATION 

[Title of the Invention] PERPENDICULAR MAGNETIC RECORDING 

HEAD AND METHOD FOR MAKING THE SAME 
[Claims] 

5 [Claim 1] A perpendicular magnetic recording head 

comprising an auxiliary pole layer; a main pole layer; and a 

coil layer for providing a recording magnetic field to the 

auxiliary pole layer and the main pole layer, the auxiliary 

pole layer and the main pole layer being exposed at an 

10 opposing face opposing a recording medium and being separated 

from each other with a gap therebetween, the coil layer being 

located inward in the height direction from the opposing face, 

the perpendicular magnetic recording head writing magnetic 

data on the recording medium by a perpendicular magnetic 

15 field concentrated to the main pole layer, 

wherein a nonmagnetic layer is formed on the main pole 

layer and 

a connection layer is provided extending from the 
auxiliary pole layer and being magnetically connected with 
20 the main pole layer, the connection layer being located 

inward in the height direction from the opposing face, the 
coil layer surrounding the connection layer. 

[Claim 2] The perpendicular magnetic recording head 
according to Claim 1 , wherein the main pole layer is 
25 connected to the connection layer via a yoke layer. 

[Claim 3] The perpendicular magnetic recording head 
according to Claim 1 or 2 , wherein the nonmagnetic layer 
comprises a nonmagnetic metal material. 
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[Claim 4] The perpendicular magnetic recording head 
according to Claim 3 , wherein the main pole layer and the 
nonmagnetic layer are formed by plating. 

[Claim 5] The perpendicular magnetic recording head 
5 according to any one of Claims 1 to 4 , wherein the front end 
face of the main pole layer exposed at the opposing face has 
a width in the track width direction increasing from the 
bottom face toward the top face of the main pole layer. 

[Claim 6] The perpendicular magnetic recording head 
10 according to Claim 5, wherein the two side faces of the front 
end face are tilted and are either straight or curved. 

[Claim 7] The perpendicular magnetic recording head 
according to Claim 5 or 6 , wherein the main pole layer is 
disposed on a plating base layer comprising a magnetic 
15 material; at least part of each of the two side faces of the 
plating base layer in the track width direction is extended 
beyond an end of the bottom face of the main pole layer in 
the track width direction; and the extended part is 
controlled to a predetermined width so that the extended part 
20 does not protrude from the recorded track width Twl of the 
recording medium when a skew angle is generated during 
recording on the recording medium. 

[Claim 8] The perpendicular magnetic recording head 
according to any one of Claims 1 to 6 , wherein the main pole 
25 layer is disposed on a plating base layer comprising a 

magnetic material; the two side faces of the plating base 
layer in the track width direction and the two side faces of 
the main pole layer in the track width direction are on a 
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continuous plane; and the width of the plating base layer in 
the track width direction is equal to or smaller than the 
width of the bottom face of the main pole layer in the track 
width direction. 
5 [Claim 9] The perpendicular magnetic recording head 

according to any one of Claims 1 to 6, wherein the main pole 
layer is disposed on a plating base layer comprising a 
nonmagnetic metal material. 

[Claim 10] The perpendicular magnetic recording head 

10 according to claim 9 , wherein the width of the plating base 
layer comprising the nonmagnetic metal material in the track 
width direction is larger than the width of the bottom face 
of the main pole layer in the track width direction. 
[Claim 11] The perpendicular magnetic recording head 

15 according to any one of claims 2 to 10, wherein the 

saturation magnetic flux density of the main pole layer is 
higher than the saturation magnetic flux density of the yoke 
layer . 

[Claim 12] The perpendicular magnetic recording head 
20 according to anyone of Claims 2 to 11, wherein an insulating 
layer is disposed on the auxiliary pole layer; the coil layer 
is embedded in the insulating layer; and the top face of the 
connection layer is flush with the top face of the insulating 
layer ; 

25 wherein the yoke layer is disposed on the top face of 

the insulating layer and the top face of the connection layer 
and has a front end face located inward in the height 
direction from the opposing face; and 
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wherein the main pole layer and the nonmagnetic layer 
extend from the top face of the insulating layer to the top 
face of the yoke layer, the insulating layer being disposed 
between the front end face of the yoke layer and the opposing 
5 face. 

[Claim 13] The perpendicular magnetic recording head 
according to claim 12, wherein the front end face of the yoke 
layer tilts in the height direction from the bottom face 
toward the top face of the yoke layer and is either flat or 
10 curved. 

[Claim 14] The perpendicular magnetic recording head 
according to anyone of Claims 2 to 11, wherein an insulating 
layer is disposed on the auxiliary pole layer; the coil layer 
is embedded in the insulating layer; and the top face of the 
15 connection layer is flush with the top face of the insulating 
layer; 

wherein the yoke layer is disposed on the top face of 
the insulating layer and the top face of the connection layer 
and has a front end face located inward in the height 
20 direction from the opposing face; and 

wherein a second insulating layer is formed between the 
front end face of the yoke layer and the opposing face, and 
the top face of the yoke layer is flush with the top face of 
the second insulating layer; 
25 wherein the main pole layer and the nonmagnetic layer 

extend from the top face of the second insulating layer to 
the top face of the yoke layer. 

[Claim 15] The perpendicular magnetic recording head 
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according to Claim 14 , wherein the front end face of the yoke 
layer tilts in the height direction from the top face toward 
the bottom face of the yoke layer and is either flat or 
curved . 

5 [Claim 16] The perpendicular magnetic recording head 
according to any one of Claims 12 to 15, wherein, at an 
overlapping region of the yoke layer and the main pole layer, 
the area of the yoke layer in a cross section taken parallel 
to the opposing face is larger than the area of the main pole 
10 layer in a cross section taken parallel to the opposing face. 
[Claim 17] A method for manufacturing a perpendicular 
magnetic recording head, the method comprising the steps of: 

(a) forming an auxiliary pole layer using a magnetic 
material ; 

15 (b) forming a connection layer on the auxiliary pole 

layer at a position inward in the height direction from an 
opposing face opposing a recording medium, forming an 
insulating underlayer on the auxiliary pole layer between the 
opposing face and the connection layer, forming a coil layer 

20 on the insulating underlayer, and filling the space 
surrounding the coil layer with an insulating layer; 

(c) milling the top face of the insulating layer so as 
to make the top face flush with the top face of the 
connection layer; 

25 (d) forming a yoke layer on the insulating layer, the 

yoke layer extending up to the region above the connection 
layer, a front end face of the yoke layer being disposed 
inward in the height direction from the opposing face; 
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(e) forming a plating base layer on the insulating layer 
and the yoke layer, forming a resist layer on the plating 
base layer, and forming an opening in the resist layer, the 
opening extending from the opposing face over the insulating 

5 layer and the yoke layer; 

(f ) sequentially forming by plating a main pole layer 
and a nonmagnetic layer comprising a nonmagnetic metal 
material in the opening and removing the resist layer; and 

(g) milling the two side faces in the track width 

10 direction of the main pole layer and the two side faces in 
the track width direction of the nonmagnetic layer, 

[Claim 18] The method for manufacturing the perpendicular 
magnetic recording head according to claim 17, wherein, in 
step (g), the plating base layer is milled except for the 

15 part overlaid by the main pole layer, 

[Claim 19] The method for manufacturing the perpendicular 
magnetic recording head according to claim 17 or 18, wherein 
step (d) is omitted, and in step (e), the plating base layer 
is formed on the insulating layer, the resist layer is formed 

20 on the plating base layer, and the opening is formed in the 
resist layer, the opening extending from the opposing face 
over the insulating layer and the connection layer. 

[Claim 20] The method for manufacturing the perpendicular 
magnetic recording head according to claim 17 or 18, wherein 

25 step (e) is replaced by the steps of: 

(h) filling the space surrounding the yoke layer with a 
second insulating layer, milling the top face of second 
insulating layer to make the top face flush with the top face 
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of the yoke layer; and 

(i) forming a plating base layer over the second 
insulating layer and the yoke layer, forming a resist layer 
on the plating base layer, and forming an opening in the 
5 resist layer, the opening extending from the opposing face 
over the second insulating layer and the yoke layer. 

[Claim 21] The method for manufacturing the perpendicular 
magnetic recording head according to any one of claims 17 to 
20, wherein in step (e) or (i), the opening having an inner 
10 width in the track width direction increasing from the bottom 
face toward the top face at least at the opposing face is 
formed in the resist layer. 

[Claim 22] The method for manufacturing the perpendicular 
magnetic recording head according to any one of claims 17 to 
15 21, wherein the plating base layer is formed using a 
nonmagnetic metal material* 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

20 The present invention relates generally to perpendicular 

magnetic recording heads for applying perpendicular magnetic 
fields to recording media such as disks having hard layers. 
More particularly, the present invention relates to a 
perpendicular magnetic recording head in which the height and 

25 the width in the track width direction of a main pole layer 
are controlled within predetermined ranges and to a method 
for making the perpendicular magnetic recording head. 
[0002] 
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[Description of the Related Art] 

Perpendicular magnetic recording technology has been 
applied to recording devices which record high density 
magnetic data on recording media such as disks. Fig. 28 is a 
5 cross -sectional view showing the structure of a typical 
perpendicular magnetic recording head employed in such a 
device . 

[0003] 

As shown in Fig. 28, a perpendicular magnetic recording 

10 head H is disposed on a side face of a slider 1 which floats 
and moves over a recording medium. For example, the 
perpendicular magnetic recording head H is disposed on a side 
face la of the slider 1 between a nonmagnetic layer 2 and a 
nonmagnetic coating layer 3 . 

15 [0004] 

The perpendicular magnetic recording head H comprises an 
auxiliary pole layer 4 and a main pole layer 5 both composed 
of a ferromagnetic material. The main pole layer 5 is 
disposed on the auxiliary pole layer 4 with a gap 

20 therebetween. An end face 4a of the auxiliary pole layer 4 
and an end face 5a of the main pole layer 5 are exposed at an 
opposing face Ha opposing a recording medium M. The 
auxiliary pole layer 4 and the main pole layer 5 are 
magnetically connected at a magnetic connection portion 6 

25 some distance inward from the opposing face Ha. 
[0005] 

A nonmagnetic insulating layer 7 composed of an 
inorganic material such as A1 2 0 3 , Si0 2 , or the like, is 
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disposed between the auxiliary pole layer 4 and the main pole 
layer 5. An end face 7a of the nonmagnetic insulating layer 
7 is also exposed at the opposing face Ha between the end 
face 4a of the auxiliary pole layer 4 and the end face 5a of 
5 the main pole layer 5 . 
[0006] 

A coil layer 8 composed of a conductive material such as 
copper is embedded in the nonmagnetic insulating layer 7 . 
[0007] 

10 As shown in Fig. 28, the thickness hw of the end face 5a 

of the main pole layer 5 is smaller than the thickness hr of 
the end face 4a of the auxiliary pole layer 4 . The width of 
the end face 5a of the main pole layer 5 in the track width 
direction, i.e., the X direction in the drawing, is a track 

15 width Tw. This width is sufficiently smaller than the width 
of the end face 4a of the auxiliary pole layer 4 in the track 
width direction. 
[0008] 

The recording medium M on which magnetic data is 
20 recorded by the perpendicular magnetic recording head H moves 
in the Z direction relative to the perpendicular magnetic 
recording head H and has a hard layer Ma on the surface and a 
soft layer Mb provided under the hard layer Ma. 
[0009] 

25 When the coil layer 8 is energized, a recording magnetic 

field is induced between the auxiliary pole layer 4 and the 
main pole layer 5. A leakage recording magnetic field 
between the end face 4a of the auxiliary pole layer 4 and the 
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end face 5a of the main pole layer 5 perpendicularly passes 
through the hard layer Ma and the soft layer Mb of the 
recording medium M. Because the area of the end face 5a of 
the main pole layer 5 is sufficiently smaller than the area 
5 of the end face 4a of the auxiliary pole layer 4, the 

magnetic flux 4> will be concentrated to the portion of the 
hard layer Ma opposing the end face 5a of the main pole layer 
5. As a result, the magnetic data is recorded on the portion 
of the hard layer Ma opposing the end face 5a by the magnetic 
10 flux <£. 

[0010] 

Fig. 29 is a diagram illustrating a step of a method for 
making the perpendicular magnetic recording head shown in Fig, 
28. 

15 [0011] 

The main pole layer 5 is formed by plating, as shown in 
the drawing, using a resist layer not shown in the drawing. 
Subsequently, a portion 9a of a plating base layer 9 formed 
on the nonmagnetic insulating layer 7, the portion 9a being 

20 formed in the region not overlaid by the main pole layer 5, 
is removed by milling. Thus, the portion 9a is prevented 
from coming into contact with the lead layer for supplying 
electric current to the coil layer 8 , and the electrical 
characteristics of the layer can be maintained at a 

25 satisfactory level. 
[0012] 

[Problems to be Solved by the Invention] 

However, referring to Fig. 29, during milling of the 
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portion 9a, the top face of the main pole layer 5 is milled 
as well, resulting in a decrease in the height of the main 
pole layer 5 from LI to L2. A decrease in the height of the 
main pole layer 5 will result in a decrease in the area of 
5 the end face 5a and thus degradation of the overwrite 
characteristics, which is undesirable. 
[0013] 

Moreover, removing the portion 9a will result in an 
increase in the track width Tw due to the adhesion of the 
10 material constituting the portion 9a onto two side faces 5b 
of the main pole layer 5, as indicated by arrows B. Adhered 
layers 9b on the two side faces 5b must be removed. 
[0014] 

During removal of the adhered layers 9b by milling in 
15 slanted directions A shown in Fig. 29, the top face of the 
main pole layer 5 is also milled, further decreasing the 
height of the end face 5a. 
[0015] 

To meet the need for higher-density recording, the track 
20 width needs to be reduced. However, even when the track 

width Tw is reduced by milling the two side faces 5b of the 
end face 5a of the main pole layer 5 in an slanted direction, 
the top face of the end face 5a is also milled, resulting in 
a decreased height which will result in the degradation of 
25 the recording characteristics such as the overwrite 

characteristics. Also, controlling the area of the end face 
5a within a predetermined range is considerably troublesome. 
[0016] 
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As described above, according to the structure of the 
typical perpendicular magnetic recording head shown in Figs . 
28 and 29, the adhered layers 9b on the two side faces 5b of 
the main pole layer 5 cannot be removed and the track width 
5 of the main pole layer 5 cannot be made smaller while 

maintaining the main pole layer 5 at a predetermined height. 
In other words, it has been impossible to separately control 
the height and the width in the track width direction. 
[0017] 

10 The present invention overcomes the problems of the 

conventional art described above. It is an object of the 
present invention to provide a perpendicular magnetic 
recording head comprising a main pole layer having a reduced 
track width and a method for making such a head. According 

15 to the present invention, a nonmagnetic layer is formed on 
the main pole layer so that the adhered layers on the two 
side faces of the main pole layer can be removed while 
maintaining the main pole layer at a predetermined height . 
[0018] 

20 [Means for Solving the Problems] 

The present invention provides a perpendicular magnetic 
recording head comprising an auxiliary pole layer; a main 
pole layer; and a coil layer for providing a recording 
magnetic field to the auxiliary pole layer and the main pole 

25 layer, the auxiliary pole layer and the main pole layer being 
exposed at an opposing face opposing a recording medium and 
being separated from each other with a gap therebetween, the 
coil layer being located inward in the height direction from 
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the opposing face, the perpendicular magnetic recording head 
writing magnetic data on the recording medium by a 
perpendicular magnetic field concentrated to the main pole 
layer , 

5 wherein a nonmagnetic layer is formed on the main pole 

layer and 

a connection layer is provided extending from the 
auxiliary pole layer and being magnetically connected with 
the main pole layer, the connection layer being located 
10 inward in the height direction from the opposing face, the 
coil layer surrounding the connection layer. 
[0019] 

In the present invention, the nonmagnetic layer is 
formed on the main pole layer, as described above. The 

15 nonmagnetic layer functions as a cover for protecting the 
main pole layer during milling. While maintaining the main 
pole layer at a predetermined height, layers adhered to the 
two side face of the main pole layer during milling of the 
plating base layer can be suitably removed, and the track 

20 width Tw of the main pole layer can be further reduced. The 
track width and the height can be separately controlled. 
[0020] 

Thus, according to the present invention, the front end 
face of the main pole layer can be formed into a desired 
25 dimensions, the area of the front end face can be easily 

controlled, and various characteristics such as the overwrite 
characteristics can be improved. 
[0021] 
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Preferably, the nonmagnetic layer comprises a 
nonmagnetic metal material. Preferably, the main pole layer 
and the nonmagnetic layer are formed by plating. In this 
manner, the main pole layer and the nonmagnetic layer can be 
5 sequentially formed by plating, thereby simplifying the 
manufacturing process. 
[0022] 

Preferably, the main pole layer and the connection layer 
is magnetically coupled via a yoke layer. 
10 [0023] 

Preferably, the front face of the main pole layer 
exposed at the opposing face is of a shape in which the width 
in the track width direction increases towards the top face 
of the main pole layer. The two sides in the track width 
15 direction of the front end face are preferably tilted, and 
are either straight or curved. 
[0024] 

In this invention, preferably, the main pole layer is 
disposed on a plating base layer comprising a magnetic 

20 material; at least part of each of the two side faces of the 
plating base layer in the track width direction is extended 
beyond an end of the bottom face of the main pole layer in 
the track width direction; and the extended part is 
controlled to a predetermined width so that the extended part 

25 does not protrude from the recorded track width Twl of the 
recording medium when a skew angle is generated during 
recording on the recording medium. With this structure, 
fringing can be prevented, and off -track performance can be 
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improved. Note, that the shape of the front end face of the 
main pole layer is limited to the shape in which the width in 
the track width direction increases towards the top of the 
main pole layer. 
5 [0025] 

In this invention, preferably, the main pole layer is 
disposed on a plating base layer comprising a magnetic 
material; the two side faces of the plating base layer in the 
track width direction and the two side faces of the main pole 

10 layer in the track width direction are on a continuous plane; 
and the width of the plating base layer in the track width 
direction is equal to or smaller than the width of the bottom 
face of the main pole layer in the track width direction. 
With this structure, fringing can be more suitably and 

15 securely prevented. The shape of the front end face of the 
main pole layer may not be formed into the above -described 
shape. The front end face may be square or rectangular shape. 
If no skew angle is generated during recording, fringing can 
be prevented and off -track performance can be improved. 

20 [0026] 

In the present invention, preferably, the main pole 
layer is disposed on a plating base layer comprising a 
nonmagnetic metal material. The width of the plating base 
layer comprising the nonmagnetic metal material may be larger 

25 than the width in the track width direction of the bottom 
face of the main pole layer. Since the plating base layer 
comprises a nonmagnetic metal material, fringing will not 
occur even when the plating base layer protrudes from the 
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recorded track width Twl. Thus, off -track performance can be 
improved . 

[0027] 

In this invention, preferably, the saturation magnetic 
5 flux density of the main pole layer is higher than the 

saturation magnetic flux density of the yoke layer. Since 
the main pole layer and the yoke layer can be formed 
separately, different magnetic materials can be used to form 
these layers. Moreover, a magnetic material exhibiting high 
10 saturation magnetic flux density can be used in the main pole 
layer . 

[0028] 

In the present invention, preferably, an insulating 
layer is disposed on the auxiliary pole layer; the coil layer 
15 is embedded in the insulating layer; and the top face of the 
connection layer is flush with the top face of the insulating 
layer ; 

wherein the yoke layer is disposed on the top face of 
the insulating layer and the top face of the connection layer 
20 and has a front end face located inward in the height 
direction from the opposing face; and 

wherein the main pole layer and the nonmagnetic layer 
extend from the top face of the insulating layer to the top 
face of the yoke layer, the insulating layer being disposed 
25 between the front end face of the yoke layer and the opposing 
face . 

[0029] 

Preferably, the front end face of the yoke layer tilts 
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in the height direction from the bottom face toward the top 
face of the yoke layer and is either flat or curved. This 
structure is disclosed as a first embodiment in Fig. 1. 
[0030] 

5 In the present invention, preferably, an insulating 

layer is disposed on the auxiliary pole layer; the coil layer 
is embedded in the insulating layer; and the top face of the 
connection layer is flush with the top face of the insulating 
layer ; 

10 wherein the yoke layer is disposed on the top face of 

the insulating layer and the top face of the connection layer 
and has a front end face located inward in the height 
direction from the opposing face; and 

wherein a second insulating layer is formed between the 

15 front end face of the yoke layer and the opposing face, and 
the top face of the yoke layer is flush with the top face of 
the second insulating layer; 

wherein the main pole layer and the nonmagnetic layer 
extend from the top face of the second insulating layer to 

20 the top face of the yoke layer. Preferably, the front end 

face of the yoke layer tilts in the height direction from the 
top face toward the bottom face of the yoke layer and is 
either flat or curved. This structure is disclosed below as 
a second embodiment in Fig. 2. 

25 [0031] 

In this invention, preferably, at an overlapping region 
of the yoke layer and the main pole layer, the area of the 
yoke layer in a cross section taken parallel to the opposing 
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face is larger than the area of the main pole layer in a 
cross section taken parallel to the opposing face. In this 
structure, the flow and the efficiency of the magnetic flux 
from the yoke layer to the main pole layer can be improved. 
5 [0032] 

The present invention also provides a method for 
manufacturing a perpendicular magnetic recording head 
including the following steps: 

(a) forming an auxiliary pole layer using a magnetic 
10 material; 

(b) forming a connection layer on the auxiliary pole 
layer at a position inward in the height direction from an 
opposing face opposing a recording medium, forming an 
insulating underlayer on the auxiliary pole layer between the 

15 opposing face and the connection layer, forming a coil layer 
on the insulating underlayer, and filling the space 
surrounding the coil layer with an insulating layer; 

(c) milling the top face of the insulating layer so as 
to make the top face flush with the top face of the 

20 connection layer; 

(d) forming a yoke layer on the insulating layer, the 
yoke layer extending up to the region above the connection 
layer, a front end face of the yoke layer being disposed 
inward in the height direction from the opposing face; 

25 (e) forming a plating base layer on the insulating layer 

and the yoke layer, forming a resist layer on the plating 
base layer, and forming an opening in the resist layer, the 
opening extending from the opposing face over the insulating 
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layer and the yoke layer; 

(f ) sequentially forming by plating a main pole layer 
and a nonmagnetic layer comprising a nonmagnetic metal 
material in the opening and removing the resist layer; and 
5 (g) milling the two side faces in the track width 

direction of the main pole layer and the two side faces in 
the track width direction of the nonmagnetic layer. 
[0033] 

In this invention, the main pole layer and the 
10 nonmagnetic layer are sequentially formed by plating in the 
opening formed in the resist layer during step (f). The main 
pole layer can be maintained at a predetermined height during 
step (g) of milling the two side faces of the main pole layer 
and the plating base layer since the top face of the main 
15 pole layer is protected by the nonmagnetic layer. Thus, the 
track width can be reduced and a narrow- track perpendicular 
magnetic recording head can be manufactured. 
[0034] 

Preferably, in step (g), the plating base layer is 
20 milled except for the part overlaid by the main pole layer. 
The top face of the nonmagnetic layer is also milled during 
step (g). However, since the top face of the main pole layer 
is protected by the nonmagnetic layer, the main pole layer 
can be maintained at the predetermined height, and the 
25 plating base layer can be suitably removed. 
[0035] 

Moreover, after the removal of the portion of the 
plating base layer, layers adhered to the two side faces of 
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the main pole layer can be suitably removed while maintaining 
the main pole layer at the predetermined height. 
[0036] 

As described above, according to the manufacturing 
5 method of this invention, the track width can be reduced and 
the adhered layers on the two side faces of the main pole 
layer can be removed while maintaining the main pole layer at 
a predetermined height. Thus, the present invention enables 
separate control of the track width and the height of the 
10 main pole layer. 
[0037] 

In the present invention, step (d) may be omitted, and 
step (e) may include forming a plating base layer on the 
insulating layer, forming a resist layer on the plating base 
15 layer, and forming an opening in the resist layer, the 

opening extending from the opposing face over the insulating 
layer and the connection layer. 
[0038] 

In the manufacturing method, step (e) may be replaced by 

20 the steps of: 

(h) filling the space surrounding the yoke layer with a 
second insulating layer, milling the top face of second 
insulating layer to make the top face flush with the top face 
of the yoke layer; and 

25 (i) forming a plating base layer over the second 

insulating layer and the yoke layer, forming a resist layer 
on the plating base layer, and forming an opening in the 
resist layer, the opening extending from the opposing face 
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over the second insulating layer and the yoke layer. 
[0039] 

In this invention, preferably, in step (e) or (i), the 
opening having an inner width in the track width direction 
5 increasing from the bottom face toward the top face at least 
at the opposing face is formed in the resist layer. 
[0040] 

In this manner, the front end face of the main pole 
layer can be formed into a shape in which the width in the 
10 track width direction gradually increases toward the top face 
of the main pole layer. 
[0041] 

In this invention, preferably, the plating base layer is 
formed using a nonmagnetic metal material. With a 
15 nonmagnetic metal material, control of etching process can be 
simplified compared to the case in which a magnetic material 
is used for the plating base layer. 
[0042] 

[Description of the Embodiments] 
20 Fig. 1 is a vertical cross -sectional view showing the 

structure of a magnetic head comprising a perpendicular 
magnetic recording head according to a first embodiment of 
the present invention. 
[0043] 

25 A perpendicular magnetic recording head H shown in Fig. 

1 applies a perpendicular magnetic field to a recording 
medium M to magnetize a hard layer Ma of the recording medium 
M in a perpendicular direction. 
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[0044] 

The recording medium M is disk shaped. A hard layer Ma 
exhibiting high residual magnetization is provided on the 
surface of the recording medium M, and a soft layer Mb 
5 exhibiting high permeability is provided under the hard layer 
Ma. The recording medium M is rotated about the center of 
the disk. 

[0045] 

A slider 11 of the perpendicular magnetic recording head 
10 H is composed of a ceramic material such as Al 2 0 3 "TiC. An 
opposing face 11a of the slider 11 opposes the recording 
medium M. The slider 11 is lifted from the surface of the 
recording medium M and slides over the recording medium M by 
an airflow caused by the rotation of the recording medium M. 
15 In Fig. 1, the recording medium M moves in the Z direction 
relative to the slider 11. The perpendicular magnetic 
recording head H is provided at the trailing end of the 
slider 11. 
[0046] 

20 A nonmagnetic insulating layer 54 composed of an 

inorganic material such as A1 2 0 3 or Si0 2 is provided on a 
side face lib of the slider 11. A reading section H R is 
formed on the nonmagnetic insulating layer 54. 
[0047] 

25 The reading section H R comprises, from the bottom, a 

lower shield layer 52, a gap layer 55, a magnetoresistive 
element 53, and an upper shield layer 51. Examples of the 
magnetoresistive element 53 are anisotropic magnetoresistive 
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(AMR) elements, giant magnetoresistive (GMR) elements, and 
tunneling magnetoresistive (TMR) elements. 
[0048] 

A nonmagnetic insulating layer 12 composed of an 
5 inorganic material such as Al 2 O s or Si0 2 is formed on the 

upper shield layer 51. The perpendicular magnetic recording 
head H of the present invention is arranged on the 
nonmagnetic insulating layer 12. The perpendicular magnetic 
recording head H is coated by a protective layer 13 composed 
10 of an inorganic nonmagnetic insulative material. An opposing 
face Hla of the perpendicular magnetic recording head H 
opposing the recording medium M is substantially flush with 
the opposing face 11a of the slider 11. 
[0049] 

15 In the perpendicular magnetic recording head H, an 

auxiliary pole layer 21 composed of a ferromagnetic material 
such as permalloy (Ni-Fe) is formed by plating. 
Alternatively, the lower shield layer 52 may function as the 
auxiliary pole layer 21. The nonmagnetic insulating layer 12 

20 is formed under the auxiliary pole layer 21, i.e., at the 
space between the auxiliary pole layer 21 and the side face 
lib of the slider 11, and around the auxiliary pole layer 21. 
As shown in Fig. 1, a surface (top face) 21a of the auxiliary 
pole layer 21 and a surface (top face) 12a of the nonmagnetic 

25 insulating layer 12 are flush with each other. 
[0050] 

As shown in Fig. 1, in a region some distance inward, 
i.e., in the Y direction in the drawing, from the opposing 
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face Hla, a connection layer 25 composed of Ni-Fe or the like 
is formed on the surface 21a of the auxiliary pole layer 21. 
[0051] 

In the vicinity of the connection layer 25, insulating 
5 underlayer 26 composed of A1 2 0 3 or the like is formed on the 
surface 21a of the auxiliary pole layer 21 and on the surface 
12a of the nonmagnetic insulating layer 12. A coil layer 27 
composed of a conductive material such as Cu is formed on the 
insulating underlayers 26. The coil layer 27 is formed by 
10 frame-plating in the vicinity of the connection layer 25 and 
is patterned in the shape of a spiral of a predetermined 
number of windings. A planarizing layer 31 composed of a 
conductive material such as Cu is formed on a connection end 
27a of the coil layer 27 located near the center of the 
15 windings. 

[0052] 

The coil layer 27 and the planarizing layer 31 are 
coated by insulating layers 32 composed of an organic 
material such as a resist material and are further coated by 
20 an insulating layer 33. 
[0053] 

The insulating layer 33 is preferably composed of at 
least one inorganic insulative material. Examples of the 
inorganic insulative material are AlO, A1 2 0 3 , Si0 2 , Ta 2 O s , TiO, 
25 A1N, AlSiN, TIN, SiN, Si 3 N 4 , NiO, WO, W0 3 , BN, CrN, and SiON. 
[0054] 

The surface (top face) 25a of the connection layer 25, 
the surface (top face) 31a of the planarizing layer 31, and 
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the surface (top face) 33a of the insulating layer 33 are 
processed to be flush with one another. The planarization 
process is, as described below, performed by chemical 
mechanical polishing (CMP). 
5 [0055] 

In the first embodiment, a yoke layer 35 is formed on 
the insulating layer 33. As shown in Fig. 1, a front end 
face 35a of the yoke layer 35 is disposed in a region inward 
(the Y direction in the drawing) from the opposing face Hla. 

10 A rear portion 35c of the yoke layer 35 is formed on the top 
face of the connection layer 25 and is thereby magnetically 
coupled to the connection layer 25. Since the insulating 
layer 33 under the yoke layer 35 is planarized, the yoke 
layer 35 can be patterned with high precision. 

15 [0056] 

In this embodiment, the front end face 35a is formed 
into a flat face or a curved face tilting from the bottom 
left to the top right in the drawing. Such an arrangement 
simplifies formation of a main pole layer 24 extending from 

20 the end of the insulating layer 33 at the opposing-f ace Hla 
side to a portion of the yoke layer 35 by plating, as 
described below. Moreover, the flux flow from the yoke layer 
35 to the main pole layer 24 can be moderated, and the 
magnetic flux can travel with high efficiency. 

25 [0057] 

As shown in Fig. 1, a lead layer 36 is formed on the 
surface 31a of the planarizing layer 31 to supply recording 
current from the lead layer 36 to the planarizing layer 31 
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and the coil layer 27. The lead layer 36 and the yoke layer 
35 may be composed of the same material and may be formed 
simultaneously by plating. 
[0058] 

5 As shown in Fig. 1, the main pole layer 24 composed of a 

magnetic material such as NiFe is formed over a region of the 
insulating layer 33 extending from the opposing face Hla to 
the front end face 35a and over a portion of the yoke layer 
35. A nonmagnetic layer 40 is formed over the main pole 
10 layer 24. Front end faces 24a and 40a of the main pole layer 
24 and the nonmagnetic layer 40, respectively, are exposed at 
the opposing face Hla. 
[0059] 

In the embodiment shown in Fig. 1, the main pole layer 
15 24 and the nonmagnetic layer 40 are each formed to have a 

length L3 in the height direction from the opposing face Hla. 
No limitation is imposed as to the length L3 as long as the 
main pole layer 24 and the yoke layer 35 overlap each other 
partly and are magnetically connected. The lengths of the 
20 main pole layer 24 and the nonmagnetic layer 40 in the height 
direction may be increased. For example, the main pole layer 
24 and the nonmagnetic layer 40 may be extended up to a rear 
end 35b of the yoke layer 35. 
[0060] 

25 Referring to Fig. 1, the nonmagnetic layer 40 and the 

yoke layer 35 are coated by the protective layer 13. 
[0061] 

Fig. 2 is a vertical cross-sectional view of a magnetic 
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head incorporating a perpendicular magnetic recording head 
according to a second embodiment of the present invention. 
[0062] 

This perpendicular magnetic recording head differs from 
5 that shown in Fig. 1 particularly in the structure of the 

yoke layer 35. In Fig. 2, the yoke layer 35 is formed on the 
top face 33a of the insulating layer 33, and the rear portion 
35c of the yoke layer 35 is formed on the top face 25a of the 
connection layer 25. The rear portion 35c and the connection 
10 layer 25 are magnetically connected. 
[0063] 

As shown in Fig. 2, the front end face 35a of the yoke 
layer 35 is disposed at some distance inward in the height 
direction (the Y direction in the drawing) from the opposing 
15 face Hla and is not exposed at the opposing face Hla. 
[0064] 

The front end face 35a is formed into a flat face or a 
curved face tilting from the top left to the bottom right in 
the drawing. The external angle 0 defined by the front end 
20 face 35a and the top face is preferably 90° or more. At such 
an angle, a magnetic field leaking from the main pole layer 
24 to the yoke layer 35 described below can be minimized, and 
the magnetic field can be concentrated to the main pole layer 
24. 

25 [0065] 

As shown in Fig. 2, a second insulating layer 57 fills 
the gap between the front end face 35a and the opposing face 
Hla. The second insulating layers 57 are also formed at the 
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regions adjacent to two side faces of the yoke layer 35 in 
the track width direction, i.e., the X direction in the 
drawing, and at the region behind the yoke layer 35. 
[0066] 

5 In Fig. 2, the second insulating layer 57 located in 

front of the front end face 35a of the yoke layer 35 is 
exposed at the opposing face Hla. 
[0067] 

In this invention, the top faces of the second 
10 insulating layer 57 and the yoke layer 35 are planarized by 
CMP or the like. 
[0068] 

The second insulating layer 57 is preferably composed of 
at least one inorganic insulative material. Examples of the 
15 inorganic insulative material are AlO, A1 2 0 3 , Si0 2 , Ta 2 O s , TiO, 
A1N, AlSiN, TiN, SiN, Si 3 N 4 , NiO, WO, W0 3 , BN, CrN, and SiON. 
[0069] 

In this invention, the main pole layer 24 is formed 
overlaying the second insulating layer 57 and the yoke layer 

20 35. Since the main pole layer 24 is formed on the planarized 
surface, the main pole layer 24 can be patterned with high 
precision. The front end 24a of the main pole layer 24 is 
exposed at the opposing face Hla. Although the yoke layer 35 
in Fig. 2 is extended up to the top of the rear end 35b of 

25 the yoke layer 35, the length of the main pole layer 24 may 
be shorter as long as the yoke layer 35 and the main pole 
layer 24 overlap each other at least partly and are 
magnetically connected. 
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[0070] 

As shown in Fig* 2, the main pole layer 24 and the 
nonmagnetic layer 40 overlap each other, the nonmagnetic 
layer 40 being on the top of the main pole layer 24. The 
5 nonmagnetic layer 40 also extends up to the rear end 35b of 
the yoke layer 35. 
[0071] 

Fig. 3 is a vertical cross-sectional view of a magnetic 
head incorporating a perpendicular magnetic recording head 
10 according to a third embodiment of the present invention. 
[0072] 

In Fig . 3 , unlike in Figs . 1 and 2 , the main pole layer 
24 is formed on the planarized insulating layer 33 and the 
nonmagnetic layer 40 is formed overlaying the main pole layer 
15 24. The yoke layer 35 in this embodiment is integrated into 
the main pole layer 24 and the rear portion of the main pole 
layer 24 functions as the yoke layer 35. The yoke layer 35 
and the connection layer 25 are magnetically connected. 
[0073] 

20 The shapes of the front ends 24a and 40a of the main 

pole layer 24 and the nonmagnetic layer 40, respectively, 
according to the present invention will now be described. 
Figs . 4 and 5 are partial front views of the perpendicular 
magnetic recording heads shown in Figs . 1 to 3 . 

25 [0074] 

As shown in Figs. 4 and 5, a plating base layer 71 is 
formed between the main pole layer 24 and either the 
insulating layer 33 or the second insulating layer 57. The 
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main pole layer 24 is grown on the plating base layer 71 by 
plating up to a predetermined height HI . 
[0075] 

As shown in Figs. 4 and 5, two side faces 24d of the 
5 main pole layer 24 are formed such that the width of the 

front end face 24a in the track width direction, i.e., the X 
direction in the drawing, gradually increases toward the top 
of the front end 24a. Preferably, the two sides in the track 
width direction of the front end face 24a are straight, as 
10 shown in Fig. 4, or curved, as shown in Fig. 5. 
[0076] 

As shown in Figs . 4 and 5 , the width in the track width 
direction of the front end 40a of the nonmagnetic layer 40 
formed on the main pole layer 24 also increases toward the 
15 top of the front end 40a. As shown in Figs. 4 and 5, two 
side faces 40d of the nonmagnetic layer 40 and the two side 
faces 24d of the main pole layer 24 are on a continuous plane. 
The two side faces 40d of the nonmagnetic layer 40 in Fig. 4 
are flat and those in Fig. 5 are curved. 
20 [0077] 

Note that the track width Tw is regulated by the width 
of a top face 24g (the trailing end face) of the main pole 
layer 24 in the track width direction, as shown in Figs. 4 
and 5 . 
25 [0078] 

One of the features of the present invention is that the 
nonmagnetic layer 40 is formed on the main pole layer 24. 
[0079] 
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The nonmagnetic layer 40 functions as a cover for 
preventing the height of the main pole layer 24 from 
decreasing due to milling. 

[0080] 

5 As described below in relation with a manufacturing 

method, the plating base layer 71 must be formed in order to 
form the main pole layer 24 by plating according to the 
present invention. Since the plating base layer 71 is also 
formed in the region other than the region overlaid by the 
10 main pole layer 24, the step of removing the plating base 

layer 71 formed in the region other than the region overlaid 
by the main pole layer 24 is necessary. The plating base 
layer 71 is removed, for example, by milling. 
[0081] 

15 In removing the unnecessary portion of the plating base 

layer 71 by milling, the top face of the nonmagnetic layer 40 
as well as the plating base layer 71 will be milled since the 
nonmagnetic layer 40 is formed on the main pole layer 24 in 
this invention. Thus, the height HI of the main pole layer 

20 24 does not decrease. In other words, the unnecessary 

plating base layer 71 can be removed while maintaining the 
height HI at a predetermined height. 
[0082] 

Removal of the unnecessary portion of the plating base 
25 layer 71 will cause the material constituting the plating 

base layer 71 to adhere to the two side faces 24d of the main 
pole layer 24 in the track width direction (the X direction 
in the drawing) . Even when a milling process is performed in 
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an inclined direction to remove these adhered layers, only 
the top face of the nonmagnetic layer 40, i.e. not the main 
pole layer 24, will be removed along with the adhered layers. 
Thus, the height HI of the main pole layer 24 does not 
5 decrease, and the adhered layers can be removed while 
maintaining the height HI at a predetermined height. 
[0083] 

Moreover, when the two side faces 24d of the main pole 
layer 24 are removed by milling in an inclined direction, the 

10 track width Tw regulated by the width of the top face 24g 
(trailing end face) of the main pole layer 24 can be made 
smaller, contributing to the manufacture of a narrow- track 
perpendicular magnetic recording head- Since only the top 
face of the nonmagnetic layer 40 is milled along with the two 

15 side faces 24d in the milling step, the track can be made 
smaller while maintaining the height HI of the main pole 
layer 24 at a predetermined height. 
[0084] 

In this invention, the layers of the material 
20 constituting the plating base layer 71 adhering to the two 
side faces 24d of the main pole layer 24 can be removed and 
the track width can be reduced without decreasing the height 
of the main pole layer 24. 
[0085] 

25 In other words, in this invention, the height and the 

track width in the track width direction of the main pole 
layer 24 can be independently controlled. The height of the 
main pole layer 24 can be defined as the height of the main 
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pole layer 24 grown by plating; the width in the track width 
direction can be controlled by milling. 
[0086] 

Thus, according to the present invention, the height HI 
5 and the track width Tw of the main pole layer 24 can be set 
at predetermined dimensions, and the front end face 24a of 
the main pole layer 24 can be suitably controlled to be 
within a predetermined area. The track width can be 
minimized, and various characteristics such as overwrite 
10 characteristics can be improved. 
[0087] 

Preferably, the nonmagnetic layer 40 is composed of a 
nonmagnetic metal material. Examples of the nonmagnetic 
metal material are NiP, NiCu, NiMn, NiW, NiB, Pd, Rh, Ru, Au, 
15 and Cu. More preferably, the nonmagnetic layer 40 is 
composed of NiP. 
[0088] 

When the above nonmagnetic metals are used, the main 
pole layer 24 and the nonmagnetic layer 40 can be 
20 sequentially formed by plating, thus simplifying the 
manufacturing process. 
[0089] 

When the nonmagnetic layer 40 is formed by plating, the 
thickness of the nonmagnetic layer 40 can be suitably 
25 controlled. Since the top face of the nonmagnetic layer 40 
is milled during the milling step as described above, the 
thickness of the nonmagnetic layer 40 must be sufficiently 
large. A plating process is suitable for making the 
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nonmagnetic layer 40 having a sufficient thickness. 
[0090] 

When the nonmagnetic layer 40 is composed of NiP, not 
only are continuous plating and simplification of the 
5 manufacturing process possible, as described above, but also 
the resulting nonmagnetic layer 40 will exhibit a superior 
heat resistance and satisfactory adhesiveness to the main 
pole layer 24. Moreover, the resulting nonmagnetic layer 40 
will have the same hardness as the main pole layer 24. Thus, 
10 the processing rates such as milling rates of the nonmagnetic 
layer 40 and the main pole layer 24 can be made uniform, 
thereby improving processability . 
[0091] 

Alternatively, the nonmagnetic layer 40 may be composed 
15 of a common nonmagnetic material such as A1 2 0 3 . In this case, 
the nonmagnetic layer 40 will be formed by sputtering. 
[0092] 

In the perpendicular magnetic recording head shown in 
Figs. 1 and 2 of the present invention, the main pole layer 

20 24 and the yoke layer 35 may be formed separately. Thus, the 
main pole layer 24 and the yoke layer 35 can be composed of 
different magnetic materials. In such a case, the magnetic 
materials are preferably selected such that the saturation 
magnetic flux density of the main pole layer 24 is higher 

25 than that of the yoke layer 35. With the main pole layer 24 
composed of a magnetic material having a higher saturation 
magnetic flux density than that of the yoke layer 35, a high- 
density magnetic flux O in the perpendicular direction can 
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be applied to the hard layer Ma from the main pole layer 24 
having a smaller track width Tw and thickness. Thus, the 
overwriting characteristics are improved. 
[0093] 

5 The main pole layer 24 and the yoke layer 35 are 

composed of a magnetic material such as Ni-Fe, Co-Fe, Ni-Fe- 
Co, or the like. When the main pole layer 24 and the yoke 
layer 35 are composed of the same material, the composition 
ratio of the selected material may be changed to yield 
10 different saturation magnetic flux densities between these 
two layers . 
[0094] 

In the present invention, the width in the track width 
direction of the front end face 24a of the main pole layer 24 

15 gradually increases from the bottom toward the top. For 
example, the two sides in the track width direction of the 
front end face 24a are straight or curved and are tilted, 
thereby forming the front end face 24a substantially having 
the shape of an inverted trapezoid. Referring now to Fig. 11, 

20 when the two sides of the front end face 24a of the main pole 
layer 24 are straight or curved and the front end face 24a 
substantially has the shape of an inverted trapezoid, the 
side faces 24d indicated by (iii) will not protrude from a 
recorded track width Twl even when a skew angle is generated 

25 relative to the tangential direction with respect to motion 
of the recording medium (the Z direction in the drawing), as 
shown by broken lines, during recording. Thus, the fringing 
caused by the two side faces 24d can be prevented, and off- 
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track performance can be improved. 
[0095] 

Fig. 30 is a front view of a conventional main pole 
layer 5 shown in Fig. 28. The main pole layer 5 has an end 
5 face 5a of a square or rectangular shape, as shown in Fig. 30. 
When a skew angle is generated between the end face 5a of the 
main pole layer 5 and the tangential direction with respect 
to motion of the recording medium (the Z direction in the 
drawing), the sides 5b of the main pole layer 5 apply a 
10 leakage magnetic field to the recorded track width Twl in an 
inclined direction, as shown by the broken lines, thus 
causing fringing F. Consequently, the off -track performance 
is degraded. 
[0096] 

15 In view of the above, preferably, the front end face 24a 

of the main pole layer 24 substantially has the shape of an 
inverted trapezoid. 
[0097] 

The material and the shape of the plating base layer 71 
20 shown in Figs. 4 and 5 will now be described. 
[0098] 

In forming the plating base layer 71 composed of a 
magnetic material such as NiFe, two side faces 71b of the 
plating base layer 71 and the two side faces 24d of the main 
25 pole layer 24 are preferably on a continuous plane. That is, 
the width of the top face of the plating base layer 71 in the 
track width direction is the same as that of a bottom face 
24i of the main pole layer 24. Preferably, the width in the 
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track width direction of the underlayer 71 gradually 
decreases towards the bottom face of the plating base layer 
71. 

[0099] 

5 With the width of the front end face 24a of the main 

pole layer 24 gradually increasing from the bottom to the top, 
fringing can be suitably prevented even when a skew angle is 
generated. If no skew angle is generated, fringing can be 
prevented even when the front end face 24a of the main pole 
10 layer 24 is in the shape of a square or rectangle. 
[0100] 

Referring to Fig. 4, even when the two side faces 71b of 
the plating base layer 71 in the track width direction (the X 
direction in the drawing) and the two side faces 24d of the 

15 main pole layer 24 in the track width direction are on a 

continuous plane, at least part of the side faces 71b of the 
plating base layer 71 may sometimes be formed beyond ends 24 j 
of the bottom face 24i of the main pole layer 24 in the track 
width direction depending on the accuracy of the milling 

20 process. 

[0101] 

Alternatively, as shown by the broken lines in Fig. 4, 
the entire side faces 71b of the plating base layer 71 may be 
formed beyond the ends 24j of the bottom face 24i of the main 
25 pole layer 24 in the track width direction.] 
[0102] 

In the above cases, the extended portions of the plating 
base layer 71 beyond the recorded track width Twl will cause 
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fringing if a skew angle is generated during recording (refer 
to Fig. 11). This cannot be prevented even when the front 
end face 24a of the main pole layer 24 is formed with its 
width in the track width direction increasing towards the top* 
5 [0103] 

Fig. 26 is a graph showing magnetic recording 
characteristics of the perpendicular magnetic recording head 
as determined by a micro track profiling method. In this 
recording head, the plating base layer 71 is composed of a 
10 magnetic material and remains in the regions other than the 
region overlaid by the main pole layer 24. 
[0104] 

In the micro track profiling method, a read element such 
as a magnetoresistive element scans a recording medium on 
15 which signals are recorded in micro tracks in the track width 
direction to readout the signals and to determine the 
intensity distribution of the recorded signals on the 
recording tracks in the track width direction. 
[0105] 

20 As shown in Fig. 26, when the plating base layer 71 

composed of a magnetic material extends beyond the region 
under the main pole layer 24, both peaks of a main signal Sm 
and a side signal Ss appear on the recording tracks due to 
the skew angle. The side signal Ss is fringing caused by the 

25 portion of the plating base layer 71 extending beyond the 
recorded track width Twl . 
[0106] 

As described above, when the plating base layer 71 is 
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composed of a magnetic material and the side faces 71b of the 
plating base layer 71 extend beyond the ends 24j of the 
bottom face 24i of the main pole layer 24, as shown in Fig. 4, 
fringing is readily generated. However, if the extended 
5 portion is of such a size that the plating base layer 71 does 
not extend beyond the recorded track width Twl when a skew 
angle is generated during recording, fringing can be 
prevented . 
[0107] 

10 Thus, in forming the plating base layer 71 composed of a 

magnetic material, the milling accuracy should be suitably 
controlled to reduce the extended portions of the plating 
base layer 71 as much as possible so that when a skew angle 
is generated during recording, the extended portions will 

15 still be within the recorded track width Twl. 
[0108] 

In contrast, when the plating base layer 71 is composed 
of a nonmagnetic metal material such as Cu, the extended 
portions of the plating base layer 7 1 need not to be 

20 considered. The plating base layer 71 composed of a 

nonmagnetic metal material does not perform recording. Thus, 
even when a skew angle is generated and the plating base 
layer 71 is extended beyond the recorded track width Twl, no 
fringing is generated, and off -track characteristics are 

25 improved. 

[0109] 

Fig. 27 is a graph showing the magnetic recording 
characteristics of another perpendicular magnetic recording 
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head determined by the micro track profiling method. In this 
recording head, the plating base layer 71 is composed of a 
nonmagnetic material and extends beyond the region under the 
main pole layer 24. 
5 [0110] 

As shown in Fig. 27, although the plating base layer 71 
composed of a nonmagnetic material remains in the region 
other than the region under the main pole layer 24, only a 
peak of a main signal Sm appears on the recording track and 
10 no side signal Ss, i.e., fringing, is detected. 
[0111] 

Accordingly, the plating base layer 71 is preferably 
composed of a nonmagnetic metal material since the milling 
process can be easily controlled. 
15 [0112] 

Next, the shape of the main pole layer 24 and the yoke 
layer 35 as viewed from the top will be described. The 
description below is applicable to both perpendicular 
magnetic recording heads shown in Figs. 1 and 2. 
20 [0113] 

As shown in Fig. 6, in the yoke layer 35, the width Wy 
in the track width direction is smaller in a front region 35d 
near the opposing face Hla and gradually increases toward a 
rear region 35e. The main pole layer 24 is provided on the 
25 front region 35d. The width Wy of the front region 35d in 

the track width direction (the X direction in the drawing) is 
larger than the track width Tw. 
[0114] 
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As shown in Fig. 6, the top face (trailing end) of the 
front end face 24a of the main pole layer 24 is regulated by 
the track width Tw. The main pole layer 24 extends in the 
height direction, the width thereof being maintained at the 
5 track width or being slightly larger than the track width. 
The length of the main pole layer 24 in the height direction 
is small . 

[0115] 

In this invention, the front end face 24a of the main 
10 pole layer 24 exposed at the opposing face Hla needs to be 
larger than the area of the front end face 21b of the 
auxiliary pole layer 21. For example, as shown in Fig. 6, 
the width Wr of the auxiliary pole layer 21 in the track 
width direction is, preferably, substantially larger than the 
15 track width Tw. 
[0116] 

Referring now to Fig. 7, the yoke layer 35 without the 
front region 35d has the width Wy gradually increasing toward 
the back side. The main pole layer 24 is disposed on the 
20 yoke layer 35. 
[0117] 

As shown in Fig. 7, the top face (trailing end) of the 
front end face 24a of the main pole layer 24 is regulated by 
the track width Tw. The main pole layer 24 extends in the 
25 height direction, the width thereof maintaining the track 
width or being slightly larger than the track width. The 
length of the main pole layer 24 in the height direction is 
small . 
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[0118] 

The yoke layer 35 shown in Fig. 8 has substantially the 
same shape as that shown in Fig. 7. The width of the rear 
region 24e of the main pole layer 24 gradually increases, and 
5 the rear region 24e is disposed on the yoke layer 35. 

Alternatively, the yoke layer 35 may be formed closer to the 
opposing face Hla, and a portion of a front region 24f having 
the shape of a narrow strip may be disposed on the yoke layer 
35. 

10 [0119] 

Moreover, a front region 35d shown in Fig. 6 may be 
formed in the yoke layer 35. 
[0120] 

The yoke layer 35 shown in Fig. 9 has the same shape as 
15 that shown in Figs. 7 and 8. The width of the rear region 

24e of the main pole layer 24 gradually increases toward the 
rear side and extends by a large amount in the height 
direction (the Y direction in the drawing). The rear region 
24e may be extended up to the rear end 35b of the yoke layer 
20 35, as shown in Fig. 2. 
[0121] 

The yoke layer 35 may be provided with the front region 
35d shown in Fig. 6. Moreover, the main pole layer 24 may be 
without the rear region 24e having a gradually increasing 
25 width and may include a front region 24f extending in the 
height direction and having the shape of a narrow strip 
maintaining a track width Tw or a width slightly larger than 
the track width. 
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[0122] 

All the yoke layers 35 shown in Figs, 6 to 9 are 
provided with a region having a width Wy gradually increasing 
toward the rear side. In the overlapping region of the yoke 
5 layer 35 and the main pole layer 24 , the width of the yoke 
layer 35 in the track width direction is larger than the 
width of the main pole layer 24 in the track width direction. 
[0123] 

The thickness of the yoke layer 35 may be the same as 
10 that of the main pole layer 24. Alternatively, as shown in 
Fig. 2, the thickness H6 of the yoke layer 35 may be larger 
than the thickness H5 of the main pole layer 24. 
[0124] 

As a result, at the overlapping region of the yoke layer 
15 35 and the main pole layer 24, the cross section of the yoke 
layer 35 taken along the direction parallel to the opposing 
face Hla is larger than that of the main pole layer 24. Thus, 
a recording magnetic field can be suitably introduced from 
the yoke layer 35 to the main pole layer 24, thus improving 
20 the magnetic flux transmission efficiency and overwrite 
characteristics . 
[0125] 

In a structure where the main pole layer 24 and the yoke 
layer 35 are separately formed and then stacked, as shown in 
25 Figs. 1 and 2, the main pole layer 24 is preferably provided 
with the front region 24f having the shape of a narrow strip 
and having a substantially large length. In this manner, the 
width of the entire front region 24f can be accurately formed 
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to have the track width Tw by patterning. Moreover, by 
forming the yoke layer 35 as close to the opposing face Hla 
as possible, the magnetic saturation of the main pole layer 
24 can be inhibited, and the magnetic flux can be 
5 concentrated to the main pole layer 24. 
[0126] 

It should be noted that the shapes of the main pole 
layer 24 and the yoke layer 35 in plan views shown in Figs. 6 
to 9 are merely examples and do not pose limitations as to 

10 the shapes of these layers. In this invention, the shapes of 
the main pole layer 24 and the yoke layer 35 may be any shape 
as long as the cross section of the yoke layer 35 taken along 
the direction parallel to the opposing face Hla is larger 
than that of the main pole layer 24 at the overlapping region 

15 of the main pole layer 24 and the yoke layer 35. 
[0127] 

Fig. 10 is a plan view of the perpendicular magnetic 
recording head shown in Fig. 3. The front end face 24a has a 
width corresponding to the track width. The main pole layer 

20 24 has the shape of a narrow strip, the width thereof being 
maintained at the track width or a width slightly larger than 
the track width. The yoke layer 35 extends from the rear end 
of the main pole layer 24 and has a width in the track width 
direction, i.e., the X direction in the drawing, which 

25 gradually increases towards the back side. 
[0128] 

In each of the perpendicular magnetic recording heads 
shown in Figs . 1 to 3 , a recording current supplied to the 
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coil layer 27 through the lead layer 36 induces a recording 
magnetic field in the auxiliary pole layer 21 and the yoke 
layer 35. As shown in Figs* 1 to 3, at the opposing face Hla, 
a leakage recording magnetic field from the front end face 
5 24a of the main pole layer 24 and from the front end face 21b 
of the auxiliary pole layer 21 passes through the hard layer 
Ma and the soft layer Mb of the recording medium M. Since 
the area of the front end face 24a of the main pole layer 24 
is sufficiently smaller than the area of the front end face 

10 21b of the auxiliary pole layer 21, the magnetic flux O of 
the leakage recording magnetic field is concentrated at the 
front end face 24a of the main pole layer 24. The 
concentrated magnetic flux O magnetizes the hard layer Ma in 
the perpendicular direction to record magnetic data. 

15 [0129] 

A method for manufacturing the perpendicular magnetic 
recording head according to the present invention will now be 
described. Figs. 12 to 25 are diagrams showing the steps for 
manufacturing the perpendicular magnetic recording head of 

20 the present invention. Figs. 12 to 14 illustrate the steps 
common to the perpendicular magnetic recording heads shown in 
Figs. 1 to 3. 
[0130] 

In the step shown in Fig. 12, after the formation of the 
25 auxiliary pole layer 21 composed of a magnetic material on 
the nonmagnetic insulating layer 12, the region behind the 
auxiliary pole layer 21 in the height direction is also 
filled with the nonmagnetic insulating layer 12. 
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Subsequently, the surfaces of the auxiliary pole layer 21 and 
the nonmagnetic insulating layer 12 are planarized by CMP or 
the like . 

[0131] 

5 Next, the connection layer 25 is formed on the rear 

portion of the auxiliary pole layer 21 in the height 
direction by plating. The insulating underlayer 26 is formed 
over the surfaces of the auxiliary pole layer 21 , the 
connection layer 25, and the nonmagnetic insulating layer 12 
10 by sputtering. 
[0132] 

As shown in Fig. 13, the coil layer 27 is then formed on 
the insulating underlayer 26 by a frame plating method, and 
the planarizing layer 31 is formed thereon by plating. The 

15 coil layer 27 is formed sufficiently lower than the 

connection layer 25. The coil layer 27 and the planarizing 
layer 31 are coated with the insulating layer 32. An 
inorganic material is sputtered to form the insulating layer 
33 covering all the layers . 

20 [0133] 

Next, all the deposited layers shown in Fig. 13 are 
polished from the top in the drawing by the CMP method or the 
like. Polishing is performed down to a horizontal plane (L-L 
plane) crossing over the insulating layer 33, the connection 

25 layer 25, and the planarizing layer 31. 
[0134] 

After the polishing, as shown in Fig. 14, the surface 
25a of the connection layer 25, the surface 33a of the 
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insulating layer 33, and the surface 31a of the planarizing 
layer 31 are flush with one another. 
[0135] 

The above described steps are common to all the 
5 embodiments. A method for manufacturing a perpendicular 

magnetic recording head having the structure shown in Fig. 1 
will now be described. 
[0136] 

Fig. 15 is a plan view showing the step of forming a 
10 resist layer 73 on the insulating layer 33. After the resist 
layer 73 is formed on the insulating layer 33 , an opening 73a 
having the shape of the yoke layer 35 is formed by exposure 
and development. The opening 73a is constituted from a yoke 
pattern 73c in which the yoke layer 35 is formed and a common 
15 pattern 73d arranged behind the yoke pattern 73c. A front 
end face 73b of the opening 73a is some distance inward from 
the opposing face Hla as viewed in the height direction (the 
Y direction in the drawing) . The yoke pattern 73c of the 
opening 73a extends up to the connection layer 25. 
20 [0137] 

Next, a plating base layer 72 is deposited inside the 
opening 73a by sputtering and the resist layer 73 is removed. 
[0138] 

In the step shown in Fig. 16, a resist layer 74 is 
25 formed on the common pattern 73d, and the yoke layer 35 is 
grown by plating on the plating base layer 72 formed on the 
yoke pattern 73c not covered by the resist layer 74. 
Subsequently, the resist layer 74 and the plating base layer 
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72 on the common pattern 73d are removed- The perpendicular 
magnetic recording head at this stage is illustrated in a 
vertical cross-sectional view of Fig. 17. 
[0139] 

5 As shown in Fig. 17, the front end face 35a of the yoke 

layer 35 formed by plating on the plating base layer 72 is 
deformed so that the front end face 35a is flat or curved and 
tilts from the bottom left to the top right as viewed in the 
height direction (the Y direction in the drawing). The front 
10 end face 35a of the yoke layer 35 deforms because the region 
in front of the yoke pattern 73c is open, i.e., the region is 
not covered by the resist layer 74. 
[0140] 

When the front end face 35a is flat or curved and tilts 
15 in the height direction (the Y direction in the drawing) from 
the bottom left to the top right, the main pole layer 24 can 
be easily formed in the subsequent step. Moreover, the 
efficiency of the flow of the magnetic flux from the yoke 
layer 35 to the main pole layer 24 can be improved. 
20 [0141] 

Preferably, although not shown in Fig. 17, the lead 
layer 36 is formed by plating on the top face 31a of the 
planarizing layer 31 during the steps shown in Figs. 15 and 
16. 

25 [0142] 

Fig. 18 is a plan view showing the subsequent step. In 
this step, the plating base layer 71 is formed over the yoke 
layer 35 and the insulating layer 33 surrounding the yoke 
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layer 35 by sputtering. A resist layer 75 is then formed on 
the plating base layer 71, and an opening 75a for forming the 
main pole layer 24 is formed in the resist layer 75 by 
exposure and development. 
5 [0143] 

As shown in Fig. 18, a front end face 75b of the opening 
75a is flush with the opposing face Hla, and the opening 75a 
extends over the yoke layer 35. In this step, a rear end 
face 75d of the opening 75a may extend further in the height 
10 direction (the Y direction in the drawing) as shown by one- 
dot chain lines . 
[0144] 

The resist layer 75 of this invention has the shape 
shown in Fig. 19 when viewed from the opposing- face-Hla side. 
15 [0145] 

As shown in Fig. 19, inner side faces 75e of the opening 
75a formed in the resist layer 75 are formed in such a manner 
that the width in the track width direction (the X direction 
in the drawing) gradually increases from the bottom to the 
20 top (the Z direction in the drawing). The inner side faces 
75e may be curved, as shown in Fig. 19, or flat. 
[0146] 

In order to form the opening 75a having the flat or 
curved inner side faces 75e in the resist layer 75, the 
25 resist layer 75 is first applied, the opening 75a is formed 
by exposure and development, and the inner side faces 75e of 
the opening 75a are deformed by annealing. 

[0147] 
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Next, as shown in Fig. 20, the main pole layer 24 is 
grown by plating on the exposed plating base layer 71 inside 
the opening 75a up to a predetermined layer thickness HI. 

[0148] 

5 In the present invention, the nonmagnetic layer 40 

composed of nonmagnetic metal material such as NiP is grown 
by plating on the main pole layer 24. The resist layer 75 is 
then removed. 
[0149] 

10 The nonmagnetic layer 40 is preferably composed of a NiP 

alloy having a P concentration in the range of 8 percent by 
mass to 15 percent by mass. The nonmagnetic layer 40 
composed of such an alloy can stably remain nonmagnetic 
against external factors such as exothermic heat . The 

15 composition of the alloy such as a NiP alloy constituting the 
nonmagnetic layer 40 can be determined using an X-ray 
dif f ractometer or a wavelength-dispersive X-ray 
dif f ractometer used in combination with a SEM or TEM, for 
example . 

20 [0150] 

Fig. 21 is a diagram showing the main pole layer 24 and 
the nonmagnetic layer 40 after removal of the resist layer 75. 
As shown in Fig. 21, the main pole layer 24 and the 
nonmagnetic layer 40 having the width in the track width 

25 direction gradually increasing toward the top are deposited 
on the plating base layer 71. Two side faces of these layers 
may be flat or curved as shown in Fig. 21. 
[0151] 
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As shown in Fig. 21, since the plating base layer 71 is 
formed not only in the region overlaid by the main pole layer 
24 but also in the regions other than the overlaid region, 
the plating base layer 71 in these regions needs to be 
5 removed . 

[0152] 

In the step shown in Fig. 21, the plating base layer 71 
in the regions other than the region overlaid by the main 
pole layer 24 is removed by anisotropic ion milling. During 
10 this step, the top face 40e of the nonmagnetic layer 40 is 
also milled. 
[0153] 

Referring to Fig. 22, a portion of a plating base layer 
71a removed by milling adheres to the two side faces 24d and 
15 40d of the main pole layer 24 and the nonmagnetic layer 40, 
respectively, as indicated by arrows C, to form adhered 
layers 76 (the region defined by a dotted line in Fig. 22). 
These adhered layers 76 are removed by anisotropic ion 
milling. The top face 40e of the nonmagnetic layer 40 is 
20 further milled during this step. 
[0154] 

As described above, since the nonmagnetic layer 40 is 
provided on the main pole layer 24 in the present invention, 
the height HI of the main pole layer 24 is not affected by 
25 ion milling. 

[0155] 

As shown by a one-dot chain line in Fig. 22, the height 
HI of the main pole layer 24 does not decrease even when the 



- 51 - 



track width Tw defined by the top face 24g (the trailing end 
face) of the main pole layer 24 is reduced by further milling 
the two side faces 24d and 40d of the main pole layer 24 and 
the nonmagnetic layer 40, respectively. 
5 [0156] 

According to the manufacturing method of the present 
invention, the portion 71a and the adhered layers 76 can be 
removed and the track width can be reduced while maintaining 
the height HI of the main pole layer 24 at a predetermined 
10 height. 

[0157] 

In the present invention, ion milling is preferably 
performed at an angle in the range of 45° to 70° relative to 
the normal of the plating base layer 71. 
15 [0158] 

At a milling angle in the range of 45° to 60°, the 
removal of the adhered layers 76 and reduction of the track 
width can be completed in a single ion milling step, thereby 
simplifying the manufacturing process. 
20 [0159] 

In a case where milling of only the two side faces 24d 
of the main pole layer 24 is desired, the milling angle 
should be in the range of 60° to 70° relative to the normal 
of the plating base layer 71. 
25 [0160] 

In the present invention, the height HI of the main pole 
layer 24 is preferably in the range of 0.25 \xm to 0.5 \xm. In 
this invention, the height HI can be controlled during the 
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step of growing the main pole layer 24 by plating shown in 
Fig. 20. 

[0161] 

In the present invention, the track width Tw of the main 
5 pole layer 24 is preferably 0.7 |im or less, and, more 

preferably, 0.5 \xra or less. If the width of the opening 75a 
formed in the resist layer 75 shown in Fig. 20 can be made 
substantially as small as the predetermined track width Tw, 
the track width Tw of the main pole layer 24 can be defined 

10 during the step of growing the main pole layer 24 by plating. 
If the width of the opening 75a cannot be made substantially 
as small as the predetermined track width Tw, the two side 
faces 24d of the main pole layer 24 need to be milled during 
the step of ion milling shown in Fig. 22 to set the track 

15 width Tw at a predetermined width. Note that even when the 
track width Tw is defined during the step of growing the main 
pole layer 24 in the opening 75a of the resist layer 75 by 
plating, the milling step is still necessary in order to 
remove the portion 71a of the underlayer 71 and the adhered 

20 layers 76 disposed on the two side faces 24d. 
[0162] 

Accordingly, in the present invention, the height HI of 
the main pole layer 24 and the track width Tw can be 
independently controlled and easily adjusted. 
25 [0163] 

The plating base layer 71 for plating may be composed of 
a magnetic plating material or a nonmagnetic plating material. 
When a nonmagnetic metal material such as copper is used as 
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the material of the plating base layer 71, the plating base 
layer 71 may slightly extend beyond the region under the main 
pole layer 24 and thus beyond the recorded track width Twl 
recorded in the recording medium when a skew angle is 
5 generated during recording. Thus, compared to the case where 
a magnetic plating material is used, the use of nonmagnetic 
plating materials in the plating base layer 71 will 
facilitate etching control. 
[0164] 

10 With the plating base layer 71 composed of nonmagnetic 

plating material, the adhered layers 76 provided on the two 
side faces of the main pole layer 24 need not be removed 
because the track width Tw remains the same even with the 
adhered layers 76. However, the two side faces 24d of the 

15 main pole layer 24 may be milled to make a perpendicular 
magnetic recording head suitable for narrower track width. 
[0165] 

Figs. 23 to 25 are diagrams illustrating the steps for 
making the perpendicular magnetic recording head shown in Fig. 
20 2. 

[0166] 

In the step shown in Fig. 23, a resist layer 64 is 
formed overlaying the top face 33a of the insulating layer 33, 
the top face 25a of the connection layer 25, and the top face 
25 31a of the planarizing layer 31. An opening 64a for the yoke 
layer 35 is then formed by exposure and development. 
[0167] 

As shown in Fig. 23, a front end face 64b of the opening 
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64a is formed some distance inward in the height direction 
from the opposing face Hla. A portion of the resist layer 64 
between the front end face 64b and the opposing face Hla has 
a rear end face 64c tilting toward the opposing face Hla from 
5 the bottom right to the top left in the drawing. The rear 
end face 64c can be formed into such a shape by annealing and 
deforming the resist layer 64. The opening 64a extends over 
the connection layer 25. 
[0168] 

10 The yoke layer 35 is formed in the opening 64a by 

plating, and the resist layer 64 is then removed. The yoke 
layer 35 having the front end face 35a positioned inward in 
the height direction from the opposing face Hla is formed 
thereby. The front end face 35a is preferably a flat or 

15 curved face tilting in the height direction from the bottom 
right to the top left in the drawing. The external angle 0 
defined by the front end face 35a and the top face is 
preferably 90° or more. The yoke layer 35 is magnetically 
coupled to the connection layer 25. 

20 [0169] 

After the removal of the resist layer 64, plating base 
layers not shown in the drawing formed in the region other 
than the region overlaid by the yoke layer 35 are etched away. 
[0170] 

25 In the step shown in Fig. 24, the second insulating 

layer 57 composed of an inorganic insulative material is 
formed over the yoke layer 35 and the insulating layer 33. 
The second insulating layer 57 is subjected to CMP 
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planarization down to line M-M shown in Fig. 24 so that the 
top face of the second insulating layer 57 is flush with the 
top face of the yoke layer 35. 
[0171] 

5 Next, in the step shown in Fig. 25, the main pole layer 

24 and the nonmagnetic layer 40 are formed by plating in a 
manner similar to that shown in Figs. 18 to 20. As shown in 
Fig. 25, the resist layer 75 is formed over the second 
insulating layer 57 and the yoke layer 35, and the opening 

10 75a for the main pole layer 24 is formed in the resist layer 
75. Since the top faces of the second insulating layer 57 
and the yoke layer 35 both disposed under the resist layer 75 
are planarized, the opening 75a can be formed with high 
precision. 

15 [0172] 

As show in Fig. 25, the thickness of the resist layer 75 
is smaller than the thickness of the resist layer 64 in the 
step shown in Fig. 23, and the front end face 75b of the 
opening 75a of the resist layer 75 is flush with the opposing 

20 face Hla. The rear end face 75d of the opening 75a is in 
contact with the rear end face of the yoke layer 35 to be 
flush with the yoke layer 35, as shown in Fig. 25. 
Alternatively, the rear end face 75d of the opening 75a may 
be positioned closer to the opposing face Hla. 

25 [0173] 

Next, the main pole layer 24 is formed by plating in the 
opening 75a, the nonmagnetic layer 40 is formed by plating on 
the main pole layer 24, and the resist layer 75 is removed. 
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The front end face 24a is exposed at the opposing face Hla, 
and the main pole layer 24, which is thinner than the yoke 
layer 35, is formed on the yoke layer 35. 
[0174] 

5 Next, as in Figs. 21 and 22, the portion 71a is removed, 

the adhered layers 76 are removed, and the two side faces 24d 
of the main pole layer 24 are milled to reduce the track 
width, all by ion milling. 
[0175] 

10 The perpendicular magnetic recording head shown in Fig. 

3 can be manufactured through the steps shown in Figs. 12 to 
14 and the steps shown in Figs. 23 to 25. 
[0176] 

In the present invention, the width in the track width 
15 direction (the X direction in the drawing) of the resist 

layer 75 shown in Fig. 19 may not gradually increase from the 
bottom to the top. The advantages of the present invention 
can still be achieved using the front end face 24a of the 
main pole layer 24 having the conventional shape of a square 
20 or a rectangle. 
[0177] 

Furthermore , although the reading regions H R are formed 
in the embodiments shown in Figs. 1 and 2, the reading region 
H R may not always be formed. 
25 [0178] 

[Advantages ] 

As described above, in the present invention, a 
nonmagnetic layer is superimposed on a main pole layer. 
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Since the nonmagnetic layer functions as a protective layer 
for the main pole layer during milling, the layers adhering 
to the two side faces of the main pole layer during milling 
of the undesired portion of the plating base layer can be 
5 suitably removed and the track width Tw of the main pole 

layer can be reduced without affecting the height of the main 
pole layer. Thus, the width in the track width direction and 
the height of the main pole layer can be independently 
controlled. 

10 [0179] 

Accordingly, the front end face of the main pole layer 
having a predetermined track width Tw and height can be 
manufactured. The area of the front end face can be readily 
adjusted within a predetermined range, and various 

15 characteristics such as overwrite characteristics can be 
improved . 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a vertical cross-sectional view of a magnetic 
20 head incorporating a perpendicular magnetic recording head 
according to a first embodiment of the present invention. 
[Fig. 2] 

Fig. 2 is a vertical cross -sectional view of a magnetic 
head incorporating a perpendicular magnetic recording head 
25 according to a second embodiment of the present invention. 
[Fig. 3] 

Fig. 3 is vertical cross- sectional view of a magnetic 
head incorporating a perpendicular magnetic recording head 
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according to a third embodiment of the present invention. 
[Fig. 4] 

Fig. 4 is a partial front view of the perpendicular 
magnetic recording head of the present invention. 
5 [Fig. 5] 

Fig. 5 is another partial front view of the 
perpendicular magnetic recording head of the present 
invention. 
[Fig. 6] 

10 Fig. 6 is a plan view of the perpendicular magnetic 

recording head shown in Figs . 1 or 2 . 
[Fig. 7] 

Fig. 7 is another plan view of the perpendicular 
magnetic recording head shown in Fig. 1 or 2. 
15 [Fig. 8] 

Fig. 8 is another plan view of the perpendicular 
magnetic recording head shown in Fig. 1 or 2 . 
[Fig. 9] 

Fig. 9 is another plan view of the perpendicular 
20 magnetic recording head shown in Fig. 1 or 2 . 
[Fig. 10] 

Fig. 10 is a plan view of the perpendicular magnetic 
recording head shown in Fig . 3 . 
[Fig. 11] 

25 Fig. 11 is an illustration explaining generation of a 

skew angle in the magnetic head of the present invention. 
[Fig. 12] 

Fig. 12 is a diagram showing a step a method for 
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manufacturing the perpendicular magnetic recording head of 
the present invention. 
[Fig. 13] 

Fig. 13 is a diagram showing a step subsequent to the 
5 step shown in Fig. 12. 
[Fig. 14] 

Fig. 14 is a diagram showing a step subsequent to the 
step shown in Fig. 13. 
[Fig. 15] 

10 Fig. 15 is a diagram showing a step of manufacturing the 

perpendicular magnetic recording head shown in Fig. 1 
subsequent to the step shown in Fig. 14. 
[Fig. 16] 

Fig. 16 is a diagram showing a step subsequent to the 
15 step shown in Fig. 15. 
[Fig. 17] 

Fig. 17 is a diagram showing a step subsequent to the 
step shown in Fig. 16. 
[Fig. 18] 

20 Fig. 18 is a diagram showing a step subsequent to the 

step shown in Fig. 17. 
[Fig. 19] 

Fig. 19 is a diagram showing a step subsequent to the 
step shown in Fig. 18. 
25 [Fig. 20] 

Fig. 20 is a diagram showing a step subsequent to the 
step shown in Fig. 19. 
[Fig. 21] 
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Fig. 21 is a diagram showing a step subsequent to the 
step shown in Fig. 20. 
[Fig. 22] 

Fig. 22 is a diagram showing a step subsequent to the 
5 step shown in Fig. 21. 
[Fig. 23] 

Fig. 23 is a diagram showing a step of manufacturing the 
perpendicular magnetic recording head shown in Fig. 2 
subsequent to the step shown in Fig. 14. 
10 [Fig. 24] 

Fig. 24 is a diagram showing a step subsequent to the 
step shown in Fig. 23. 
[Fig. 25] 

Fig. 25 is a diagram showing a step subsequent to the 
15 step shown in Fig. 24. 
[Fig. 26] 

Fig. 26 is a graph showing the magnetic recording 
characteristics of the perpendicular magnetic recording head 
in which a magnetic plating base layer remains at the region 
20 not overlaid by the main pole layer. 
[Fig. 27] 

Fig. 27 is a graph showing the magnetic recording 
characteristics of the perpendicular magnetic recording head 
in which a nonmagnetic plating base layer composed of a metal 
25 material remains at the region not overlaid by the main pole 
layer . 

[Fig. 28] 

Fig. 28 is a vertical cross -sectional view showing the 
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structure of a related art perpendicular magnetic recording 
head. 

[Fig. 29] 

Fig. 29 is a front view showing a step of manufacturing 
5 the related art perpendicular magnetic recording head shown 
in Fig. 28. 
[Fig. 30] 

Fig. 30 is an illustration for explaining the generation 
of the skew angle in the related art perpendicular magnetic 
10 recording head. 

[ Reference Characters ] 

H: perpendicular magnetic recording head 
Hla: opposing face 
M: recording medium 



15 



20 
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[Name of Document] ABSTRACT 
[Abstract] 

[Problem] Conventional perpendicular magnetic recording 
heads that employ perpendicular magnetic recording 
technology have drawbacks in that the height and the width 
in the track width direction of main pole layers cannot be 
independently controlled and that the height of the main 
pole layers becomes smaller than a predetermined value 
because of the effect of the milling for removing plating 
base layers . 

[Solving Means] A nonmagnetic layer 40 is stacked on a 
main pole layer 24. In this manner, adhered layers of a 
plating base layer 71 that have deposited onto two side 
faces 24d of the main pole layer 24 during the forming step 
can be appropriately removed while keeping the height of the 
main pole layer 24 to a predetermined height. Moreover, the 
track width Tw of the main pole layer 24 can be reduced, and 
the width in the track width direction and the height can be 
independently controlled. 
[Selected Figure] Fig. 4 



